A priori one would anticipate that the effects of a hormone would be most apparent when given to an individual lacking that hormone. To be sure, when the hormone acts through another gland, as does adrenocorticotropic hormone (ACTH), one might find the "target" gland unresponsive through atrophy. In panhypopituitarism, one is dealing not with a single deficiency, but with a deficiency of all "tropic" hormones. This may be advantageous for the study of any one of them, in that compensatory changes in the others cannot obscure the results. It may be disadvantageous in that some of the effects might not occur in the face of other deficiencies.
All in all, we decided to employ three patients with panhypopituitarism 4 for our first studies of the metabolic effects of ACTH. Preliminary reports of this work have appeared (1, 2). A number of other reports of the metabolic effects of ACTH are now available (3-9). Mallinckrodt on the Metabolic Ward was used for these studies.
quent occasions she had to be treated for Addisonian crisis precipitated by mild infections. Sixteen months before the present study treatment was begun with thyroid extract by mouth and with testosterone and desoxycorticosterone acetate by pellet implantation, and she remained symptom free thereafter. She continued to take thyroid during the study.
She had a facies suggestive of myxedema, thin skin, absent axillary and very scant pubic hair, and a normalsized thyroid. The blood pressure was 108/58.
X-rays revealed a small sella turcica. The basal metabolic rate had been minus 38 before thyroid therapy. The following serum values were obtained: sodium 141 m.eq./ L; chloride 100 m.eq./L; potassium 4.6 m.eq./L; carbon dioxide content 28.8 m.eq./L; glucose 88 mg. per 100 ml.; non-protein nitrogen 30 mg. per 100 ml.; total protein 7.1 gm. per 100 ml.; calcium 9.4 mg. per 100 ml.; inorganic phosphorus 3.6 mg. per 100 ml.; alkaline phosphatase 2.0 Bodansky units; cholesterol 278 mg. per 100 ml. The hemoglobin was 10 gm. per 100 ml.
Twenty-four hour urine specimens contained less than 0.5 mg. of 17-ketosteroids (before testosterone therapy), more than 3 but less than 6 mouse units of follicle stimulating hormone, 0.06 to 0.18 mg. of "11-oxysteroids," 5 and less than 3 mouse units of "cortin." 6 A CutlerPower-Wilder test (four months after implantation of one 75 mg. "DOCA" pellet) showed normal four-hour urinary chloride concentration, but produced a fall in serum sodium to 134 m.eq./L.
(2) Patient H.J., male aged 41, M.G.H. No. 550,872, complained of failing vision for four years, and lassitude and loss of libido for two years.
He presented the facies of myxedema, scant axillary and pubic hair, soft testes, no palpable prostatic tissue, a thyroid normal to palpation, a blood pressure of 120/78, pale optic discs and a bitemporal hemianopsia.
The basal metabolic rate was minus 31. X-rays revealed an enlarged sella turcica. The following serum 5 Method of Talbot and his associates (10) . The test depends on the reduction of alkaline copper tartrate. Normal subjects excrete between 0.10 and 0.44 mg. per 24 hours (11).
B By "cortin" we mean urinary corticoids assayed biologically (12) . The test depends on the amount of glycogen formed in the livers of fasting, adrenalectomized mice. Normal subjects excrete more than 3 and less than 24 mouse units per 24 hours.
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values were obtained: sodium 146 m.eq./L; chloride 103 m.eq./L; potassium 4.8 m.eq./L; carbon dioxide content 32 m.eq./L; glucose 93 mg. per 100 ml.; non-protein nitrogen 25 mg. per 100 ml.; total protein 7.0 gm. per 100 ml.; calcium 9.5 mg. per 100 ml.; inorganic phosphorus 4.3 mg. per 100 ml.; alkaline phosphatase 2.7 Bodansky units; cholesterol 284 mg. per 100 ml.; protein bound iodine 3.5 micrograms per 100 ml. The hemoglobin was 12.4 gm. per 100 ml.
Twenty-four hour urine specimens contained 1.7 mg. of 17-ketosteroids, more than 3 but less than 6.5 mouse units of follicle stimulating hormone, 0.1 mg. of "11-oxysteroids" and less than 1.5 mouse units of "cortin. " Two insulin tolerance tests showed hypoglycemia unresponsiveness. A testicular biopsy was interpreted by Dr. Ronald S. Sniffen as follows: "The testis has tubules in all stages of activity from normal to those lined solely by a thickened tunica propria which is peppered with granules. The Leydig cells are present in normal numbers; most of them are solid, but a few contain vacuoles, crystalloids or pigment."
Following unsuccessful X-ray therapy, a chromophobe adenoma was partially removed by trans-sphenoidal approach. The first metabolic study preceded, the second and third followed this operation. Table V  see Table VI  see Table VII  see Table VIII  see Table IV ( Figs. 1 and 2 Figure 5 ) and rose on 98 mg. a day (see Figure  7) . In all experiments there was a fall in N excretion after stopping ACTH. This tended to bring the patient into positive balance. Retention of N in the recovery period was not as rapid as the loss during treatment, and usually lasted throughout the period of observation after treatment.
The changes in N balance during and after ACTH are taken to represent loss and restoration of protoplasm and may be attributed to secretion of "sugar" hormone from the adrenal cortex.
This hormone is thought (14) to inhibit anabolism of protoplasm (glyconeogenesis effect). b) Calcium metabolism There was a rise in the urinary Ca excretion in nine of the ten courses of ACTH given; there was a fall after stopping treatment in all ten. In some the rise was abrupt; in others it was step-like. For example, in experiment 3 (Figure 3 , seventh day) the urinary Ca rose from 109 mg. to 195 mg. in one day, whereas in experiment 4 ( Figure 5 , days 9 through 18) it rose from 97 to 221 mg. in ten days. There was no consistent change in serum Ca or alkaline phosphatase 9 with therapy. 9 In later studies on patients with elevated serum phosphatase, ACTH produced a fall in serum phosphatase, consistent with diminished bone formation. , days 33 through 37 and 50 through 53). In the recovery periods the reverse changes in P occurred, at first retention then loss.
The serum P fell with ACTH.10 10 Although the serum P is consistently high in acromegaly, we have not found it low in panhypopituitarism.
Possibly the lack of ACTH in this disease counteracts the lack of growth hormone, so that normal values result. "Cortin" is expressed in "mouse units per 24-hours" (for '-', read 'less than'; for '+' read 'more than'). For method of plotting theoretical weight curves see (13 In some of the experiments there was an apparent negative K balance throughout the study (Figures 1 and 7) . Therefore, K changes during treatment and recovery periods should be evaluated from the data in the control periods. Vol.
P~t. at the beginning of the recovery period. These changes were out of proportion to the changes in N and P, the other constituents of ICF measured. Apart from this, K balances were little affected by ACTH.
With K then, as with P, the changes were not those to be expected from the changes in N. In K and P are expressed in milliequivalents, P being given a "valence" of 2.12 The fluctuations in K and P beyond those expected from the changes in 12At the pH of body fluids, 1 mM of P would combine with 1.8 m.eq. of cation, giving P a "valence" of 1.8. 18 See appendix.
Desoxycorticosterone glucoside apparently had a similar effect on ICF composition (Figure 11 ), but since 17-hydroxycorticosterone, a substance with sugar hormone activity, also had this effect (21) , there is no need to postulate that a separate desoxycorticosterone-like substance is liberated with ACTH. f) Body weight and water balance As reported elsewhere (13) one may pro-rate the changes in body weight contributed by protoplasm, extracellular fluid, and intracellular fluid by constructing "theoretical weight curves" in which the actual fluctuations are plotted against the theoretical fluctuations expected from the N, Na and K balances. the normal range. Upon stopping ACTH "cortin" excretion fell to the control levels.
In the three experiments 14 (1, 2 and 5, Figures 2 and 9) in which "1 1-oxysteroid" excretion could be determined chemically 15 ACTH produced a rise from low normal values to normal values (experiments 1 and 2) or, when larger doses were given, to values greatly above normal. In experiment 5, where the highest doses of ACTH were used, the rise ( Figure 9 ) was to 2.41 mg. per 24 hours, a value within the range found in Cushing's syndrome.
Thus in all experiments urinary corticoid values indicated an increased output of sugar hormone with ACTH.
h) Urinary 17-ketosteroids Most workers, including ourselves have found in subjects with intact pituitaries a rise in 17-ketosteroid excretion after giving ACTH. On the other hand, only one of these three patients with panhypopituitarism showed a significant rise (H.J., experiments 2, 4, 5; Figures 2, 6, 9) , and he was certainly not totally lacking in pituitary function. Thus, there were many mature Leydig cells in the testicular biopsy as evidence that the luteinizing hormone (L.H.) was being produced, albeit not sufficiently to prevent hypoleydigism.
In M. W. (experiment 1), given about the same dose of ACTH that H. J. received in experiment 2, and in M.H. (experiment 3), given the same dose of ACTH that H.J. received in experiment 2, and in M.H (experiment 3), given the same dose that H. J. received in experiment 4, there was no significant rise in 17-ketosteroids. In each case, however, there was a rise in corticoids, and in the latter the other metabolic effects of ACTH were produced.
These observations suggest that ACTH produces less rise in 17-ketosteroids in patients with panhypopituitarism than in others, possibly because a second pituitary hormone is required. The second hormone might, for example, be L.H. The normal child, whose output of sugar hormone, and therefore of ACTH, is presumably normal, does not excrete appreciable amounts of 17-keto- . OwS effects produced by the Armour preparations might be due to the small amounts of contaminants which they contain (Table II) . The results (see Table VIII 
DISCUSSION
The first and most consistent response to ACTH is the loss of K, almost surely from cells, on the first day. This is accompanied by a relatively smaller loss of P, and is countered by a retention of Na. The reserve occurs when ACTH is stopped. The significance of this phenomenon is not clear.
A second group of sequelae is more comprehensible. ACTH is apparently an essential link in the "alarm reaction" of Selye (22) . It leads to the following sequence of events: 1) Adrenal cortical "sugar" hormone is liberated (cf. rise in corticoids by chemical and biological tests).
2) The "sugar" hormone causes anti-anabolism of protoplasm, so that amino acids become available.
3) The amino acids thus freed are deaminized; the N is excreted; the carbohydrate and fatty acid fragments are added to the "metabolic pool." 4) Glycogen is formed from the "metabolic pool."
5) The P and K of intracelluluar fluid, made available by the excess of protoplasmic catabolism over anabolism, are retained with the glycogen.
Teleologically, such a sequence is readily understandable, since the net result of forming glycogen at the expense of protoplasm is to create an easily mobilizable source of energy. and.with those of Li and Evans' ACTH (which is electrophoretically pure). Pitressin produced a loss of Ca, and a transient loss of Na and Cl; prolactin had no effect; ACTH (Li and Evans) produced all the effects of ACTH (Armour).
4. The effects of ACTH were compared with those of desoxycorticosterone glucoside (DOCG). DOCG had an effect on K, Na and Cl similar to that of ACTH, but the effect on K was less.
5. These effects of ACTH could all be due to release of "sugar" hormone, but whether the rise in 17-ketosteroids is to be so interpreted remains doubtful.
APPENDIX

Anawysis of K and P data
The relation between the K and P data obtained after "correcting" for protoplasm, bone and extracellular fluid changes has been determined from the linear regression of K on P for the data of experiments 2-5. The general form of the linear regression equation is: y = a+ b(x-x). In this case y is K and x is P. Here we are concerned with the value of b, the regression coefficient giving the slope of the line relating K to P. With K in milliequiva- 3.2 mM P, for each millimol change in P there is 2.36 + 0.16 m.eq. change in K. Thus the changes in K are greater than would be expected if they were due merely to intracellular fluid shifts, since in intracellular fluid the ratio of K (m.eq.) to P (mM) is only 1.5. The scatter diagram in Figure 12 gives the graphic interpretation of the regressions calculated for experiment 5. The data for the days when therapy was started and stopped increase the slope of the regression line. If these data be arbitrarily omitted from the calculation of the regression, we obtain a value of 1.65 ± 0.17 for the milliequivalents change in K for each millimol change in P. This value indicates that except when ACTH administration is started and stopped, K and P are associated in a ratio such that the changes in these ions could be due to intracellular fluid changes.
